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The presence of lysozyme in human epidermis was deter-
mined in extracts from the surface of human skin and in 
sonicates of human epidermal cell -preparations with the 
use of a bacteriolytic assay employing Micrococcus Iysodeik-
ticus cell walls as substrate. Preincubation of the extracts 
w ith the Fab portion of the IgG fraction of an antiserum 
to hurilan lysozyme abolished the lytic activi ty of the ex-
tracts showing the specificity of the assay . D e novo syn-
thesis of lysozym e by human epidermal cells w as dem-
onstrated by radiolabeling studies. Human epidermal cells 
L· YS, ozyme (muramidase) is a bac, teriolytic enzy me that brea ks down mu copeptides of bac terial cell walls by specificall y hydro iyzing N-acetyl-muramic-,B-l ,4 N-acetyl glu cosa mine linkages of the cell wall pep tid-. oglycan [1,2]. Human lysozy m e is a low M" (14,500) 
cationi c protein that is w idely distributed in human tissue and 
occurs in secretions such as sa liva , tears, urin e, and milk [3 ,4]. 
Lysozy m e is present in a variety of cells including monocy tes, 
macrophages, polymo rph onuclear leukocy tes, and Paneth cells 
of the sm all intes tine [5-9]. Furthermo re, lysozy me has been 
demonstrated in epIthelial cells of the trachea, type II pneumo-
cy tes, cells of laryngotrachea l glands, proximal tubules of the 
kid ney, and secretory cells of apocrine glands [9, 10] . 
Controversy exists regarding the presence of lysozyme in hu-
man skin. In 1965 Liss [11] described the presence of enzy me 
activity in homogenates of psoriatic scales. Kleiiha and Krs [12] 
subsequently demonstrated lysozyme activity in homogenates of 
mouse skin and in washings from the surface of human skin using 
a s pectrophotometric assay to m easure the lytic activity of the 
enzyme on the cell walls of MicrococC/./s lysodciktic/./s. Ogawa et al 
[13] extracted and purified lysozyme from human skin and showed 
tha t its amino acid composition was not significantly different 
frO I11 the composition of lysozyme purified from human milk 
and leukocytes. The same in vestigators also observed intracellular 
staining in the suprabasilar region o f the epidermis in frozen sec-
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cu ltured in serum-free medium and pulsed with [3H]leucine 
for 24 h were sonicated and fractionated by sodium dodecyl 
sulfate-po lyacrylamide gel electrophoresis. A major band 
at Mr i4,SOO exhibited both immunoreactivity w ith a rabbit 
antihuman lysozyme antibody and radioactivity . Gel fil -
tration of the cell sonicate revealed bacteriolytic activity in 
the fractions containing radioactive and immunoreactive 
proteins. These findin gs sugges t that lysozyme is newly 
synthesized by human epidermal cell s. J [lI l1est D erl1lafol 
87:585-587, 1986 
tions of human skin by dircct immunofluorescence w ith flu o res-
cein-conjuga ted rabbit antihuman lysozym e antibody [14] . 
In contrast to the results of th ese investigators, 2 later studies 
fai led to demonstrate epidermal lysozym e in form alin-fixed, de-
paraffini zed sectio ns o f hum an skin using th e immuno peroxidase 
method [7,9]. Furthermore, M cClell and and van Furth [1 5] ob-
served no synthesis of lysozyme in vitro in whole biopsies of 
norm al sk in . . 
The objectives of the present work were to determine whether 
human epidermis contains lysozy m c activity , and if so, assess 
whether or not human cpidermal cells are the source of th e en-
zyme. 
MATERIALS AND METHODS 
Preparation of Extracts frOlTI the Surface of Human Skin 
A 3 cm-diameter steriie polyethylene cylinder (Fisher Scientific) 
containing 5 !TIl of 0. 1 M KCI-O. l M phosphate buffer, pH 6.2, 
was placed on the surface of the volar as pect of a subj ect's arm 
for 10 min , as described by Kleilha and Krs [1 2]. Bacteriolytic 
activity determinations against M . lysodeikliCl/s were performed 
on these extracts as described below. Total protein was deter-
mined by the method of Lowry et al [1 6]. 
Nephelometric Assay of Lysozyme Activity Bacteriolytic 
activ ity was assayed using as substrate a suspension of cell walls 
of M . /ysodeikliCl/s (Sigma). Two millimeters of filtered test sam-
ples (epidermal extracts or epiderm al cell sonicates) were added 
to duplica te series of disposable cuvettes together with 10 J.Lg of 
a suspcnsion of w ashed M. l)' sodeikliws in 0. 1 M KC I-O.l M phos-
phate buffer, pH 6.2. Following a 1-h incubatio n at 37°C, all 
tubes w ere read in a laser nephelometer "PDQ" (H yland), and 
the relative light scattering values (RLS) of the sa mples were 
recorded. Standard curves relating RLS to lysozyme concentra-
tion were generated usin g a purified preparation of lysozyme 
isolated from the urine of a patient with m onocytic leukemi a [1 7]. 
Lysozy me concentrations in unknown sa mples were interpolated 
from the standard curve. T he assay w as sensitive to the nanogram 
ran ge. Specificity controls consisted of tes t sa mples preincubatcd 
with Fab fra gm ents of the IgG fraction of a rabbit antihuman 
lysozyme serum. Such preincubation abolished lysozy m e activity 
without any change in RLS . Trypsin had no lytic ac tivity o n the 
bacterial cell wall since preincubation of the bacteria l suspension 
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with up to 0.5% trypsin also had no effect on RLS, indica ting 
that residual trypsin used in the isolation of epidermal cells was 
not responsible for the observed lysis. 
Preparation of Human Epidermal Cell Cultures Fresh nor-
mal skin obtained from an amputated limb at surgery was ker-
atomed and incubated in 0.5% trypsin in sterile phosphate- buff-
ered sa line (PBS) at 4°C for 24 h. Trypsinized sheets of epidermis 
were gently separated from dermis using fihe forceps. Epidermal 
sheets were then washed, minced, and suspended in RPMI 1640 
lacking leucine and supplemented with penicillin, streptomycin , 
and Fungizone (1 J.Lg/J.LI) . The epiderma l cell s were cultured in 
5% CO2 atmosphere at 37°C for 24 h. Five hundred niicrocuries 
of[3H]leucine were then added and the suspensions were cultured 
for an addi tional 24 h. Cell suspensions were harvested, washed, 
soni cated, and centrifuged to remove debris. The resultin g prep-
arations were dialyzed to remove free [3H]leucine and concen-
trated by ultrafiltration. Prior to sonication, the cultures were free 
of bacterial or funga l contamination , and cell viability exceeded 
75% as determined by try pan blue exclusion . 
Sodium Dodecyl Sulfate (SDS)-Gel Electrophoresis Ra-
dioactive epidermal cell son icates were fractionated on 15% SOS-
polyacrylamide gel electrophoresis [18]. A purified lysozyme 
preparation and other molecular weight standards were run con-
comitantly . The proteins were then transferred to nitrocellulose 
paper and the paper developed on Kodak X-Omat-AR film, ac-
cording to the method of Towbin et al [1 9]. Parallel sheets of 
nitrocellulose were stained with rabbit antihuman lysozy me an-
tibody and developed with goat anti rabbit IgG conjugated with 
horseradish peroxidase. 
Gel Fractionation of Cell Sonicate The radioactive cell son-
icate was fractionated on a Sephadex G-75 column (3.5 x 20 cm) . 
Elution was carried out with 0.1 M PBS-O.l M KCI, pH 6.2. 
Two-mi lliliter aliquots were collected and assayed for radioac-
tivity , total protein, and lysozyme activity. The latter assay was 
carried out by measuring lysis of M. Iysodeikticus in a spectro-
photometer (450 nm) by a procedure otherwise identical to the 
laser nephelometric assay described above. Immunoreactivity of 
the fractions was tested by dot blotting. Samples of the fractions 
were blotted on nitrocellulose membranes (Bio-Rad), stained with 
a rabbit antihuman lysozyme antibody; and developed with goat 
antirabbit IgG conju gated with horseradish peroxidase. 
RESULTS 
Detection of Lysozyme Activity in Human Epidermis and 
in Epidermal Cells Bacteriolytic activity against M. Iysodeik-
tin ls was demonstrable in extracts from the surface of the human 
skin. We detected 5 ng of human lysozyme per cm2 skin surface 
area, an observation sim il ar to that ofKlei'iha and Krs [1 2], who 
reported 4.6 ng of lysozyme per cm2 skin. In addition, bacter-
iolytic activity against M. Iysodeikticus was observed in trypsinized 
human epidermal sonicates. The bacteriolytic assay revealed 1.05 
J.Lg of lysozyme per mg of soluble protein. 
Preincubation of the trypsinized epidermal sonicate w ith Fab 
fragments of the IgG fraction of a rabbit antihuman lysozyme 
abrogated the bacteriolytic act ivity , demonstrating the specificity 
of the bacteriolytic assay. Incubation of M. Iysodeikticus with up 
to 0.5% trypsin resu lted in no detectable lysis of these bacterial 
cells, indicating that residual trypsin employed in the isolation of 
the epidermis was not responsible for the observed lysis. Fur-
th ermore, incubatioil of Fab fragments with trypsinized epider-
mal sonicate in the absence of bacteria did not result in an increase 
in RLS . 
Biosynthesis of Lysozyme by Epidermal Cells Sonicates of 
epidermal cells cultured iil the presence of [3H] leucine w ere frac-
tionated by SOS-gel electrophoresis. Coomassie Blue stainin g of 
th e SOS-polyacrylamide gel revealed a major band at M, - 14,500 
w hi ch was reactive w ith rabbit antihuman lysozyme antibody 
and contained radioactivity as determined by autoradiography 
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Figure 1. SDS-polyacrylamide ge l electrophoresis of sonica ted human 
epidermal cell preparations. Proteins were separated on a 15% poly-
acry lamide slab gel, as described in Materials mid Methods. n, Gel sta ined 
with Coomassie Blue R-250. b, A similar gel blotted on nitrocellu lose 
paper which was sta ined with rabbit antihuman Iysozymc antibody. (, 
Autoradiograph y of gel showing incorporation of [.1 Hl leucinc. 
(Fig 1) . In add ition, fractionation of the total cell lysa te by gel 
chromatography revealed that the same fractions conta ined ra-
dioactivity, were immunoreactive w ith rabbit antihuman lyso-
zyme antibody, and had bacteriolytic act ivity against M. Iyso-
deiktiws (Fig 2) . Although the possibility remains that the apparent 
significant incorporation of radioact ivity into epidermal lysozyme 
might be in part due to posttranslational modification, we l11.in-
imiied this phenomenon by pulsing cultured epidermal cells for 
a shorter period of time (2 h) in one experiment and obtained 
comparable resu lts (data not shown) . 
D ISC U SSIO N 
Lysozyme was discovered by Fleming [20] in 1922 as a remarkable 
bacteriolytic element found in tissues and secretions. T he presence 
of this enzyme in human sk in was suggested by studies of Liss 
[11], Kleilha and Krs [1 2], and Ogawa et al [1 3,14,21 ]. Whether 
or not active lysozyme is prcsent in short- term cultures and whether 
or not it is synthesized directly by epidermal cell suspensions have 
not been determined and, therefore, were investigated in this 
study. 
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Figure 2. Fractionation of hum an epidcrmal Iysozy mc on a Scphadex 
G-7S column . Sonicatcd epidermal cell preparations were fi ltered and then 
fractionatcd 011 Sephadex G-75 columl1 (3.5 X 20 cm) saturated with 0.1 
M PBS-O.] M KCI, pH 6.2, at a flow rate of 20 n,l/h. Chromatography 
was performed at room temperature and 2-m l fractions were collected. 
Data are presented as abso rbance readings at 280 nm (x, protein) and 
[' H)lcucinc radioactivity (e) . Lytic activity aga inst M. Iysodeikticus (0) 
was measured by a spectrophotomctri c assay at 450 nm . 
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In view of the ubiquitous presence o f lysozyme in ti ssues, it is 
essential to exclude exogenous sources of lysozym e in the ti ssue 
culture system. We th erefore used ~ serum less m ediul1l whi ch 
s u s tained excellent epidermal cell viabi lity (75% at 48 h) in the 
absence of an y mi cro bi al or fun gal g rowth. Und er these co ndi-
tions , there was sig nifi cant in co rpo ratio n of [3Hlleu cin e into en-
dogeno usly sy nthes ized proteins. 
SOS-gel electro phoresis of sonicated cultured epidermal cells 
revealed a major pro tein band at lvi, 14,500 w hich is the reported 
M, of lysozy me. Such a band has radioactivity and immunoreac-
tivity with rabbit antihuman lysozy m e antibody . The ability of 
this antibod y raised against hum an leukocy te lysozy m e to inhibit 
in vitro lysozyme activity in ext rac ts from th e hum an skin surface 
is cons istent with Ogawa 's findin g of antigenic similarities be-
tween human skin lysozyme and lysozyme from different ti ssues 
[22]. The cross-reactivity was further demonstrated by th e ability 
of this antileukocyte lysozy m e antibody to detect human skin 
lysozy m e by Western blotting. 
Suggestive evidence that epidermal cells synthesize lysozy m e 
was also provided by gel filtration of the total epiderm al cell 
lysa te. Bacteriolytic activity was present in fracti o ns that con-
tained radioactive and immunoreac tive proteins. 
With regard to the content o fl ysozy mc in hum an skin , Ogawa 
[21] reported over 200 J..tg of lysozy m e per wet g of human ep-
ide rmis which was interestin g ly 3-fo ld g reater than that o f the 
dermis. In sonicates of human epidermal cells, we o bserved 1. 05 
mg of lysozy m e per g of soluble protein. It is likely that we have 
overestimated the lysozyme content of human epidermis by ex-
pressing the lysozy m e content relative to on ly soluble pro tein. 
Taken together, our findin gs suggest th at hum an epiderm al 
cells synthesize lysozyme in vitro . These results contrast with 
previous work by M cClelland and van Furth [15] who f.l iled to 
detect in vitro synthesis of lysozy mc in whole biopsics of hum an 
ski n. T heir nega tive findings, however, may be expl ained by the 
inadequate amount of skin assa yed in their study , since we have 
shown lysozyme to be present in nanog ram amounts in extracts 
fro m the surface of human skin. 
Our observation suggests a po tentially important ro le for epi-
d e rmal lysozy m e in protecting th e skin from bacterial infection. 
Binazzi et al [23] recently reported a significa nt redu ction of ly-
sozyme activity in the skin of untreated diabetics co mpared with 
that of nOl'mog lycem ic subjects. Low levels of sk in lysozym e 
may provide an explanation for the well-known predisposition 
of diabetics to an in creased susceptibility to many cutaneous bac-
teria l infections. 
T he fun ction oflysozyme in the defen se again st bacte rial patho-
gen s is not limited only to its direct bacteriolytic act ivity [J ,24]. 
It has also been reported to exert a stimulatory effect on po ly-
morphonuclear leukocytes and ma crophages by fa cilitatin g the 
phagocytosis of yeast cells and tubercle bacilli , respectively [24,25]. 
Our data suggest th at human epidermis has the ability to syn-
thesize lysozyme and , thereby , 111 a y provide its own antibacterial 
agent as primary protection. Because the human epidermis con-
sis ts of a heterogeneous cell popul3ti o n , includin g keratinocytes , 
Lan gerhans cells, melanocy tes, and M erkel cells, it woul d be of 
interes t to furth er ascertain the specifi c cell populat ion that m ay 
contain the endogeno usly synthesized lysozy m e. Research in this 
area is in prog ress. 
We UJollld like to extelld Dill' appreciatiol/ to Dr. Elliot F. Osscmwl/ , Coll/lllbia 
Co llege of Physicialls mId SI//geol/S, New York, fo r rh e dOl/atiol/ of p"rified 
lysozYllle obtait/ed frOIll I/rill e of a 1/IOII0cytic lel/kelllic patiel/t. 
SYNTHESIS O F LYSOZY M E 13Y EPIDERMAL CELLS 587 
R EFERE N CES 
I. Sa lton MRJ, GhuyscnJM: Accty lhcxosal11ine compounds enzymat-
ically released from Microcorw s lysodeikticlls cell wa lls. III. T he 
structurc of di- and tctra-saccharides released from cell wa lls by 
Iysozy mc and Strcptomyccs F\ enzy mc. Biochim Biophys Acta 
45 :355-363, 1960 
2. Imoto T, Johnson LN , North ACT, Phillips DC, Rupley JA: T he 
Enzy mes, 3d cd, vol 7. Edited by PD Boyer. Ncw York , Aca-
dem ic Press, 1972, pp 666-68 1 
3. Jollcs J , Jollcs P: Human tea r and human milk Iysozymcs. Biochem-
istry 6:4 11 -4 17, 1967 
4. Hankiewicz J, Swierczek E: Lysozymc in human body Auids. Clin 
Chim Acta 57:205-209, 1974 
5. Briggs RS, Pcrillie PE, Finch SC: Lysozy mc in bonc marrow and 
peripheral blood cell s. J Histochel11 Cytochem 14:167- 170, 1966 
6. Sy rcn E, rbeste AM: Identifi ca tion of blood monocytcs by delll-
onstration of lysozyme and pcroxidase activit),. Acta Haemato l 
(Basel ) 45:29-35, 197 1 
7. Klocka rs M, Reitamo S: Tissuc distribution of lysozyme in man. J 
Histochem Cytochem 23:932-940, 1975 
8. Erlandsen SL, Parsons JA , Taylor TD: Ultras tructural immunocy-
tochcmical loca liza tion of Iysozymc in the Paneth cells o f man. J 
Histochcm Cytochem 22:401-4 13, 1974 
9. Mason DY, Tay lor C n.: T he distribution of muramidasc (lysozyme) 
in human tissues. J Clin Pathol 28:1 24-132, 1975 
10. Ca mpbel l GA, Burgdorf WHC, Everctt MA: The immunohisto-
chcmicallocalization of lysozyme in human axillary apocrine glands. 
J Invcs t Dermatol 79:35 1-353, 1982 
11 . Liss M: Isolation of a heat-stab le crystalline protcin from psoriatic 
scales. Biochemis try 4:2705-271 1, 1965 
12. Klei\ha J, Krs V: Lysozyme in mouse and human skin . J In vest 
DermatoI49:396-399, 1967 
13. Ogawa H, Miyazaki H, Kimura M: Isolation and characteriza tion 
of human skin lysozy me. J In vest Dermatol 57:111-116, 1971 
14. Ogawa H: Im munocytologica l localization of Iysozymc in hum an 
skin . J Dermatol (Tokyo) 2:45-50, 1975 
15. McClelland DBL, van Furth R: III viefO synthcsis of lysozy me by 
human and mouse ti ssues and Icucocytes. Imlllunology 28: 
1099- 111 4, 1975 
16. Lowry O H, Rosebrough HJ, Farr AL, Randall RJ: Protcin mea-
surcl1lent with the Folin phenol reagent. J Bioi Chcm 193:265-275, 
195 1 
17. Osserman EF, Lawlor DP: Serum and urinary lysozyme (murami-
dasc) in monocytic and 11l0nomyelocytic Icukemia. J Exp Mcd 
124:921-952, 1966 
18. King ] , Lacmm li UK: Pol ypeptides of the tai l fibres ofbacteriophage 
T\. J Mol Bioi 62:465-477, 1971 
19. Towbin H. Staehelin T , Gordon J: Electrophorctic transfer of ro-
teins from polyacrylamidc gels to nitrocellulosc sheets: procedurc 
and so me applica tions. Proc Nat! Acad Sci USA 76:4350-4354, 
1979 
20. Fleming A: On a rcmarkable bacteriolytic element found in ti ssues 
and secretions. Proc R Soc Lond [BioI] 93:306-3 17, 1922 
21. Ogawa H: Lysozy mc content of hum an skin : its cxtraction method 
and distribution in the skin . ]pn] Dermatol 81 :61-65, 1971 
22. Ogawa H, Miyasaki H: Illll1lunochcmical studics on the human skin 
Iysozymc. J In vest Dermatol 58:59-62, 1972 
23. l3inazzi M, Boncio L, Marconi P, PitZllrra M: Serum and skin ly-
sozy me acti vity in non-diabetic and diabetic subjects . Arch Der-
matol Res 262:239-245, 1978 
24. T hacorc H, Willett HI' : The formation of sphcroplasts of Mywlmr-
tcrilllll tllba CIIlosis in tissue culture cells. Am Rev Resp Dis 93:786-796, 
1966 
25. Klockars M, Roberts P: Stimulation of phagocytosis by human ly_ 
sozy me. Acta Haematol (Basel) 55:289-295, 1976 
